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XVH
:*HUPHU-/HSSLQ&1XQHV.LUFKQHU'+HQNHQVPHLHU$'\FN
)RUVFKXQJV]HQWUXPIU(QHUJLHWHFKQRORJLH*HUPDQ\.,675HSXEOLFRI.RUHD
,QWURGXFWLRQ
%HVLGH WKH HOHFWURFKHPLFDO DQG PHFKDQLFDO SURSHUWLHV WKH WKHUPDO EHKDYLRXU RI SRO\PHULF
PHPEUDQHV LV RI D JUHDW LPSRUWDQFH LQ IXHO FHOO DSSOLFDWLRQV 9DOXDEOH LQIRUPDWLRQ DERXW WKH
PHPEUDQHWKHUPDOVWDELOLW\FDQEHREWDLQHGE\PHDQVRIWKHUPRJUDYLPHWULFDQDO\VLV7*$$W
KLJKHU WHPSHUDWXUHV XVXDOO\ DERYH FD & LQIRUPDWLRQ DERXW WKH SRO\PHU EDFNERQHDQG
VLGH FKDLQ VWUXFWXUH FDQ EH REWDLQHG %\ WKLV PHDQV LPSRUWDQW GDWD DFTXLUHG E\ WKH 7*$
VXSSRUWVWKHV\QWKHVLVRISRO\PHULFPHPEUDQHV)RUGHHSHUDQDO\VLVRIWKHS\URO\VLVSURGXFWV
DJDVFKURPDWRJUDSK*&DQGDPDVVVSHFWURPHWHU 06FDQEHK\SKHQDWHGZLWK WKH7*$
IRUPLQJDSRZHUIXODQDO\WLF WRRO 7*$*&06±VKRZQ LQ)LJ± IRUHOXFLGDWLRQRIS\URO\VLV
GHJUDGDWLRQSURGXFWV


)LJ6FKHPDWLFDVVHPEO\RIWKH7*$*&06V\VWHP

'XULQJ S\URO\VLV WKH RFFXUULQJ ZHLJKW UHGXFWLRQ LV SORWWHG YHUVXV WHPSHUDWXUH DQG WKH
HYDSRUDWHGFRPSRXQGVDUHWUDQVIHUUHGE\DFDUULHUJDVKHOLXPYLDDKHDWHGWUDQVIHUOLQHIURP
WKH7*$WRWKH*&06V\VWHP7RSUHYHQWFRQWDPLQDWLRQRIWKH*&06WKHFRQVWDQWJDVIORZ
EHWZHHQ7*$DQG*&06LVLQKLELWHGE\DQLQOHWYDOYHLQWKH*&7KLVYDOYHLVRQO\RSHQHGDW
GHJUDGDWLRQVWHSVWKDWDUHWREHH[DPLQHGPRUHFORVHO\
0L[WXUHVRIVXEVWDQFHVUHWDLQHGIURPRQHGHFRPSRVLWLRQVWHSDUHVHSDUDWHGRQWKH*&FROXPQ
%\SURJUDPPLQJDGLVFUHWHWHPSHUDWXUHUDPSIRUWKH*&RYHQWKLVVHSDUDWLRQFDQEHRSWLPL]HG
VRWKDWWKHFRPSRQHQWVFDQEHLGHQWLILHGLQWKH06LQGLYLGXDOO\

,Q WKLV SUHVHQWDWLRQ WKH DQDO\VLV RI 23%,EDVHG SRO\PHU PHPEUDQHV )LJ >@ IRU XVH LQ
DONDOLQHDQLRQH[FKDQJHPHPEUDQHIXHOFHOOV$$(0)&H[HPSOLILHVWKHXWLOLVDWLRQRIWKH7*$
*&06V\VWHPWRJDLQGHWDLOHGLQIRUPDWLRQRQWKHUPDOVWDELOLW\DQGPDWHULDOFRPSRVLWLRQ

Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
1311 W. Germer et al. /  Procedia Engineering  44 ( 2012 )  1310 – 1314 

)LJ0HWK\ODWHG23%,EDVHGSRO\PHU

$$(0)&VUHTXLUHSRO\PHUPHPEUDQHVZLWKSRVLWLYHO\FKDUJHGIXQFWLRQDOJURXSVLPPRELOL]HGDW
WKH SRO\PHU EDFNERQH DQG IUHH PRYLQJ FRXQWHULRQV HJ K\GUR[LGH $$(0)&V IXHOOHG ZLWK
FDUERQ GLR[LGH LQVWHDG RI R[\JHQ DUH QRW RQO\ DWWUDFWLYH EHFDXVH RI KLJK WKHRUHWLFDO HQHUJ\
FRQYHUVLRQ HIILFLHQF\ EXW DOVR IRU DSSOLFDWLRQ LQ FDUERQ FDSWXUH DQG VWRUDJH &&6 >@ 7KH
VXSSOLHG&2LVFRQYHUWHGWRFDUERQDWHRUK\GURJHQFDUERQDWHLRQVWKDWSDVVWKURXJKWKHDQLRQ
H[FKDQJHPHPEUDQH$(0WRUHDFWZLWKK\GURJHQIHGDWWKHDQRGHVLGH>@

0HWKRGV
7RJDLQ VXLWDEOHPHPEUDQHV IRUXVH LQDQ$$(0)& IXHOOHGZLWK&2 DQ23%,SRO\PHUZDV
PHWK\ODWHGWRREWDLQSRVLWLYHO\FKDUJHGLPLGD]ROLXPLRQV>@$GGLWLRQDOO\RIαα¶GLEURPR
S[\OHQHZHUHDGGHGDVFURVVOLQNHU7KHRXWFRPHRIWKLVV\QWKHVLVLV WKHZHDNO\FURVVOLQNHG
PHPEUDQH3%,S;,ZLWKSRVLWLYHO\FKDUJHGLPLGD]ROLXPV\VWHPVORFDWHGLQWKHEDFNERQHDQG
H[FKDQJHDEOH LRGLGH LRQV 6XEVHTXHQWO\ WKH LRGLGH LV H[FKDQJHG ZLWK FDUERQDWH LRQV E\
LPPHUVLRQ LQ0VRGLXPFDUERQDWHVROXWLRQDW& IRUK UHVXOWLQJ LQPHPEUDQH3%,S;
&2 %HIRUH 7*$*&06 PHDVXUHPHQWV ZHUH SHUIRUPHG ERWK PHPEUDQHV DUH GULHG LQ D
YDFXXPRYHQDW&IRUK

7KH7*$*&06V\VWHPFRQVLVWVRID3HUNLQ(OPHU7*$3\ULV3HUNLQ(OPHU*&&ODUXV
ZLWKDSRO\GLPHWK\OVLOR[DQHFROXPQLQQHUGLDPHWHUPPDQG3HUNLQ(OPHU06&ODUXV
7ZLWKDTXDGUXSROHPDVVDQDO\]HU0DVVVSHFWUDZHUHJHQHUDWHGE\HOHFWURQLPSDFW(,DQG
H9)RUGDWDUHFRUGLQJDWWKH7*$3\ULVVRIWZDUHZDVXVHGDQG7XUER0DVVSURJUDPIRUWKH
*&06

,QWKH7*$WKHVDPSOHLVKHDWHGIURP&WR&ZLWK&PLQXQGHUKHOLXPDWPRVSKHUH
%\PHDQVRIWKHPLQLPDRIWKHILUVWGHULYDWLYHRIWKHZHLJKWWHPSHUDWXUHFXUYHWKHRSHQLQJWLPHV
IRU WKH LQOHW YDOYHRI WKH*&06DUHGHWHUPLQHG ,QDQDGMDFHQWPHDVXUHPHQWGHFRPSRVLWLRQ
SURGXFWVDUHSDVVHGLQWRWKH*&067KH*&RYHQZDVVHWWR&DQGEDNHGRXWDW&
DIWHUHDFKPHDVXUHPHQW

5HVXOWV
)LJDVKRZVWKHWKHUPRJUDPRIPHPEUDQH3%,S;,,QWKLVLQYHVWLJDWLRQWKHLQOHWYDOYHRIWKH
*&06 ZDV RSHQHG WZR WLPHV FD  PLQ DQG FD  PLQ IRU VHF )LJE VKRZV WKH
UHVSHFWLYHFKURPDWRJUDPVDWWKHSDUWLFXODUWLPHVWKDWZHUHDQDO\]HGZLWKWKHTXDGUXSROHPDVV
VSHFWURPHWHUDVGHWHFWRU UHVXOWVDUHSUHVHQWHG LQ)LJ7KH ILUVWZHLJKW ORVVDWDERXWPLQ
& LV DVVLJQHG WR WKH HYDSRUDWLRQ RI UHVLGXDO ZDWHU UHPDLQLQJ LQ WKH VDPSOH 7KH
FKURPDWRJUDPRI WKHVHFRQGGHJUDGDWLRQVWHSDWFDPLQ &FRQVLVWVRIVHYHUDO
SHDNVZKLFKFRXOGEHLGHQWLILHGDVGLPHWK\OVXOIR[LGHPLQDQGPHWK\OEURPLGHPLQ
± ERWK UHVLGXHV IURP WKH SUHSDUDWLRQ SURFHVV >@ ± DQG PHWK\O LRGLGH PLQ IURP
GHFRPSRVLWLRQRIWKHPRGLILHG23%,SRO\PHU

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)LJ5HVXOWVRIWKHPHDVXUHPHQWRI3%,S;,DWKHUPRJUDPDQGWKHILUVWGHULYDWHRIZHLJKW
IURP& WLOO &DW D KHDWLQJ UDWH RI &PLQ E FKURPDWRJUDPRI S\URO\VLV SURGXFWV
HYDSRUDWHGGXULQJWKHGHJUDGDWLRQVWHSV

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0H,

)LJ0DVVVSHFWUDRI3%,S;,DWGLIIHUHQWSRLQWVRIWLPHRIWKHFKURPDWRJUDP

7KH UHVXOW RI WKH 7*$ DQDO\VLV RI 3%,S;&2 LV VKRZQ LQ )LJD ,Q FRPSDULVRQ ZLWK WKH
WKHUPDODQDO\VLVRIWKH3%,S;,DQDGGLWLRQDOGHJUDGDWLRQVWHSDW&ZDVREVHUYHG6RWKH
*&LQOHWYDOYHZDVRSHQHGWKUHHWLPHVWKHUHVSHFWLYHFKURPDWRJUDPVDUHGLVSOD\HGLQ)LJE
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7KHDGGLWLRQDOSHDNDWPLQ & FDQEHDVVLJQHG WR WKHGLVSRVDORI FDUERQGLR[LGH
IURPWKHFDUERQDWHDQLRQ7KHFRUUHVSRQGHQWPDVVVSHFWUXPLVJLYHQLQ)LJ$VIRU3%,S;,
ZDWHUGLPHWK\OVXOIR[LGHDQGPHWK\OEURPLGHFDQEHGHWHFWHGDVZHOO IRU3%,S;&2DW WKH
FRUUHVSRQGLQJGHFRPSRVLWLRQVWHSV7KH IDFW WKDWPHWK\O LRGLGH FDQVWLOO EHGLVFRYHUHG LQ WKH
GHJUDGDWLRQ VWHS EHWZHHQ & UHYHDOV WKDW WKH LRQ H[FKDQJH ZDV QRW FRPSOHWH 7R
REWDLQUHOLDEOHHOHFWURFKHPLFDOGDWDHJFRQGXFWLYLW\RI3%,S;&2LQIXUWKHULQYHVWLJDWLRQV
PRGLILFDWLRQRIWKHLRQH[FKDQJHSURFHGXUHLVUHFRPPHQGHG


)LJ 5HVXOWVRI WKHPHDVXUHPHQWRI3%,S;&2 D WKHUPRJUDPDQG WKH ILUVWGHULYDWHRI
ZHLJKW IURP & WLOO & DW D KHDWLQJ UDWH RI &PLQ E FKURPDWRJUDP RI S\URO\VLV
SURGXFWVHYDSRUDWHGGXULQJWKHGHJUDGDWLRQVWHSV

&2
0H,

)LJ0DVVVSHFWUDRI3%,S;&2DWGLIIHUHQWSRLQWVRIWLPHRIWKHFKURPDWRJUDP

'LVFXVVLRQ
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7KHK\SKHQDWLRQRI7*$DQG*&06JLYHVDQDGMXYDQW WRRO IRU WKHHYDOXDWLRQRI WKH WKHUPDO
VWDELOLW\ RIPDWHULDOV OLNH SRO\PHUPHPEUDQHV IRU IXHO FHOO XVH &RQFXUUHQWO\ WKH GHJUDGDWLRQ
SURGXFWVRIHDFKGHFRPSRVLWLRQVWHSFDQEHDQDO\]HGVHSDUDWHO\ WRJHWXVHIXO LQIRUPDWLRQ IRU
IXUWKHULPSURYHPHQWRIWKHPDWHULDOVWDELOLW\)XUWKHUPRUHWKHSURJUHVVRISUHSDUDWLRQSURFHVVHV
FDQ EH PRQLWRUHG DV LW ZDV H[HPSOLILHG LQ WKLV ZRUN RQ WKH LRQ H[FKDQJH LQ D
SRO\EHQ]LPLGD]ROLXPPHPEUDQH 7KH DSSOLHG SURFHGXUH RI VXEPHUVLRQ LQ DQ DTXHRXV VDOLQH
VROXWLRQ IRUK LV DZLGHVSUHDGPHWKRG IRU LRQH[FKDQJH LQ SRO\PHUPHPEUDQHV >@7KH
SUHVHQW7*$*&06DQDO\VLVVKRZV WKDW LQVRPHFDVHV WKLVPHWKRGKDV WREHUHJDUGHGZLWK
FDXWLRQDVWKHLRQH[FKDQJHPLJKWQRWEHFRPSOHWH

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